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1. Introduction 
In RAN#65 [1], a new WI has been approved to further enhance the physical layer for MTC.  One of the main objectives of this WI is to define a new Rel-13 low complexity UE.  The main complexity reducing features for Rel-13 are:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Reduced maximum transmit power.

· Reduced support for downlink transmission modes
In the previous RAN1 meeting, it was agreed that:

Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.

This contribution discusses some considerations on reduced bandwidth operation.

2. Discussion
2.1 Location of 1.4MHz subbands

In the WID [1], we have the following objectives on reduced bandwidth:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

It can be concluded that the LC-MTC UE must be able to retune its frequency during operation rather than being fixed to a (central) 1.4 MHz subband.  This would be beneficial since the eNB is able to spread the LC-MTC UEs across the entire system bandwidth.  
Proposal 1: The 1.4 MHz subband of an LC-MTC UE can be flexibly allocated to different portions of the system bandwidth.
2.2 Signalling to configure 1.4MHz subbands

The subbands allocation within the system bandwidth can be non-overlapped or overlapped with each other as shown in Figure 1.  The following is some considerations on the subband allocation:

· Allowing the subbands of different LC-MTC UEs to overlap makes it easier to pack more UEs within a given space, since the unused PRBs within a subband for one UE can be used by another UE.  Although it is possible that the same subband is scheduled to two different UEs, either MU-MIMO can be used or thetwo UEs’ allocations can be less than 6 PRBs.  
· Since none of the defined system bandwidths are divisible by 6 PRBs, there would be PRBs which cannot be allocated to any LC-MTC UEs if LC-MTC UE subbands were not permitted to overlap.  
· The number of possible subband locations is smaller for a non-overlapping arrangement than for an overlapping arrangement.  For example, in a 100 PRB system bandwidth, there are only 16 possible subband locations in the non-overlapping scenario compared to up to 94 subband locations in the overlapping case.  The overlapping case would require more bits (e.g. 7 bits in the 100 PRB case) to indicate the subband location than the non-overlapping case (e.g. 4 bits in the 100 PRB case), but 3 extra bits of signalling seems a small increase compared to the large gain in flexibility from allowing any possible subband location to be configured.

Considering the above factors, we have a preference that the specifications / signalling should support the possibility of overlapping allocations, since this offers higher flexibility for the eNB.  It should be noted that if the signalling supports all possible subband locations, the eNB can still ensure that the  subbands configured for different UEs do not overlap if it so wishes.

Proposal 2: Signalling to configure 6 PRB subbands for LC-MTC UEs should be designed to support all possible 6-PRB subbands in the system bandwidth.
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Figure 1: Possible methods of subband allocation

2.3 Handling of d.c. subcarrier
From the UE receiver perspective, each subband contains a d.c. component which can cause d.c. offset errors and noise amplification due to flicker noise in direct conversion receivers [3].  In legacy LTE full-bandwidth DL reception, the d.c. subcarrier is not used, while in the UL the transmission is shifted by 7.5kHz so that the impact of the d.c. distortion is spread across two PRBs. For subband downlink reception, the d.c. component naturally falls on the boundary between two PRBs, like in the UL, and therefore one option that could be considered would be to transmit as normal on the two subcarriers adjacent to d.c.. Alternatively, both the two subcarriers adjacent to d.c. could be unused.  Since the two subcarriers adjacent to d.c. are both likely to affect the same transport block, it would be preferable to leave the two subcarriers unused (i.e. the rate matching is performed assuming that no bits are mapped to those subcarriers). This would reduce the resource utilisation by 2.8%, which is not significant.
Proposal 3: The two central subcarriers in each subband are unused (by means of rate matching).

2.4 System information transmission
When the UE first accesses the network, it would need to acquire PSS/SSS and the PBCH.  The frequency location of these channels needs to be known a priori.  The most straightforward way is to keep these channels in the central 6 PRBs of the system bandwidth as per the current system.  Since these channels are not read very often, there is no need to duplicate them in other subbands within the system bandwidth.  

Proposal 4: PSS/SSS and PBCH remain located in the central 6 PRBs of the system bandwidth.

After acquiring PBCH, the UE would try to acquire SIB1.  In the current system, the time location of SIB1 is predefined.  The same process can be used for LC-MTC UEs.  The frequency location, i.e. subband, of SIB1 can be indicated by the MIB using one or more of the spare bits, or predefined (e.g. located in the central 6 PRBs).
Proposal 5: The time locations of SIB1 are predefined in the specifications.  Whether it is possible to indicate the frequency location of SIB1 by means of spare bits in the MIB, or whether the frequency location of SIB1 is predefined, is FFS.
3. Conclusions
In this contribution we have discussed some considerations for reduced bandwidth operation in LC-MTC.  We propose:
Proposal 1: The 1.4 MHz subband of an LC-MTC UE can be flexibly allocated to different portions of the system bandwidth.
Proposal 2: Signalling to configure 6 PRB subbands for LC-MTC UEs should be designed to support all possible 6-PRB subbands in the system bandwidth.

Proposal 3: The two central subcarriers in each subband are unused (by means of rate matching).

Proposal 4: PSS/SSS and PBCH remain located in the central 6 PRBs of the system bandwidth.

Proposal 5: The time locations of SIB1 are predefined in the specifications.  Whether it is possible to indicate the frequency location of SIB1 by means of spare bits in the MIB, or whether the frequency location of SIB1 is predefined, is FFS.
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